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Particle physics through the ages
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“Everyday” stuff

The building blocks of nature

1 GeV = mass of proton

(the Standard Model)
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“Everyday” stuff

The building blocks of nature

1 GeV = mass of proton

approx. mass 
of gold atom

(the Standard Model)
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How the Z boson* got its mass

*and all elementary particles

symmetry: not just a magazine.  

Symmetries of nature tell us about interactions and particles

But, they predict all the gauge bosons are massless, like the 
photon...a very different world from our’s

Spontaneous symmetry breaking,
the Higgs mechanism

Wednesday, January 12, 2011



Higgs: the man, the mechanism and the particle

The man

The other men
(Kibble, Guralnik, Hagen, 

Englert, Brout)
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Higgs: the man, the mechanism and the particle

Spontaneous symmetry breaking

Laws of nature are symmetric, our world has that symmetry 
hidden.  Broken symmetry
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Higgs: the man, the mechanism and the particle

The return of the aether

The Higgs has a “vacuum expectation value” (vev)
Coupling of other particles to the Higgs (and its vev) 
give them mass
The bigger the mass the bigger the coupling
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Higgs: the man, the mechanism and the particle

The Higgs boson

Sole remaining piece of 
the Standard Model

Guaranteed to see it, 
or something like it, at 

Tevatron or LHC
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What do we know about the Higgs?

Couples to mass -- determines how it is made and how to 
look for it

0

LEP (CERN pre-LHC)
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Upper bound, theory 

breaks down
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Couples to mass -- determines how it is made and how to 
look for it
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breaks down

Region “most likely” 
to contain Higgs

“amount of data” ~0.5 x what has been collected so far
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Q: How do you search for the Higgs boson?
(hint:             )  E = mc

2

The Higgs is heavy, lives for 
a very short time, doesn’t 
exist in nature
Need to look at very small 
distances
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Experimental 
physicist in the 
lab
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Q: How do you search for the Higgs boson?
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Searching for the Higgs boson

Higgs production is a rare process
Worse yet, its decay products can look like mundane events

ATLAS detector and physics performance Volume II

Technical Design Report 25 May 1999

680 19   Higgs Bosons

For an integrated luminosity of 100 fb!1, a Standard Model Higgs boson in the mass range be-
tween 105 GeV and 145 GeV can be observed with a significance of more than 5" by using the
H# $$ channel alone. Table 19-2 also contains the estimated significances of the H# $$ channel
for an integrated luminosity of 30 fb-1, corresponding to the first three years of LHC operation.
The significances at low luminosity have been evaluated by taking the resulting improvements
in mass resolution and background rejection into account. A signal in the $$ channel can only be
seen in this case with a significance of % 4" over a narrow mass range between 120 and 130 GeV.

The significances quoted in Table 19-2 are slightly higher than the ones given in the Technical
Proposal. The main reason for this is the removal of the so called pT-balance cut, which was ap-
plied in order to suppress bremsstrahlung background. Although without this cut the back-
ground increases, there is a net gain in the significance. Another reason is the slightly improved
mass resolution which is mainly due to a more sophisticated photon energy reconstruction, sep-
arating converted and non-converted photons. These gains are somewhat offset by the higher
reducible background.

As an example of signal reconstruction above background, Figure 19-4 shows the expected sig-
nal from a Higgs boson with mH = 120 GeV for an integrated luminosity of 100 fb-1. The H# $$

signal is clearly visible above the smooth $$ background, which is dominated by the irreducible
continuum of real photon pairs.

19.2.2.2 Associated production: WH, ZH and ttH

The production of the Higgs boson in association with aW or a Z boson or with a tt pair can also
be used to search for a low-mass Higgs boson. The production cross-section for the associated
production is almost a factor 50 lower than for the direct production, leading to much smaller
signal rates. If the associated W/Z boson or one of the top quarks is required to decay leptoni-
cally, thereby leading to final states containing one isolated lepton and two isolated photons, the
signal-to-background ratio can nevertheless be substantially improved with respect to the direct
production. In addition, the vertex position can be unambiguously determined by the lepton
charged track, resulting in better mass resolution at high luminosity than for the case of direct
H# $$ production.

Figure 19-4 Expected H # $$ signal for mH = 120 GeV and for an integrated luminosity of 100 fb-1. The signal

is shown on top of the irreducible background (left) and after subtraction of this background (right).
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Worse yet, its decay products can look like mundane events
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seen in this case with a significance of % 4" over a narrow mass range between 120 and 130 GeV.

The significances quoted in Table 19-2 are slightly higher than the ones given in the Technical
Proposal. The main reason for this is the removal of the so called pT-balance cut, which was ap-
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ground increases, there is a net gain in the significance. Another reason is the slightly improved
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arating converted and non-converted photons. These gains are somewhat offset by the higher
reducible background.

As an example of signal reconstruction above background, Figure 19-4 shows the expected sig-
nal from a Higgs boson with mH = 120 GeV for an integrated luminosity of 100 fb-1. The H# $$

signal is clearly visible above the smooth $$ background, which is dominated by the irreducible
continuum of real photon pairs.

19.2.2.2 Associated production: WH, ZH and ttH

The production of the Higgs boson in association with aW or a Z boson or with a tt pair can also
be used to search for a low-mass Higgs boson. The production cross-section for the associated
production is almost a factor 50 lower than for the direct production, leading to much smaller
signal rates. If the associated W/Z boson or one of the top quarks is required to decay leptoni-
cally, thereby leading to final states containing one isolated lepton and two isolated photons, the
signal-to-background ratio can nevertheless be substantially improved with respect to the direct
production. In addition, the vertex position can be unambiguously determined by the lepton
charged track, resulting in better mass resolution at high luminosity than for the case of direct
H# $$ production.

Figure 19-4 Expected H # $$ signal for mH = 120 GeV and for an integrated luminosity of 100 fb-1. The signal

is shown on top of the irreducible background (left) and after subtraction of this background (right).
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CERN and Fermilab - competitive collaboration

Ultimately LHC will have ~7x Tevatron’s energy
Aids in discovering Higgs (and other new physics)

Tevatron collides pp and LHC collides pp

Two machines complementary in approach and capabilities

Discovering the Higgs, and proving it is the Higgs is a long 
process, multiple sources of information are key

“Watching CERN discover the Higgs would be like watching 
your mother-in-law drive over a cliff........

Leon Lederman
Wednesday, January 12, 2011



CERN and Fermilab - competitive collaboration

Ultimately LHC will have ~7x Tevatron’s energy
Aids in discovering Higgs (and other new physics)

Tevatron collides pp and LHC collides pp

Two machines complementary in approach and capabilities

Discovering the Higgs, and proving it is the Higgs is a long 
process, multiple sources of information are key

“Watching CERN discover the Higgs would be like watching 
your mother-in-law drive over a cliff........
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Questions?
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